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ABSTRACT 



[Abstract of the Disclosure] „, . • *i 

An eccentricity compensating apparatus of a disk dnve seivo usmg the 

frequency response characteristics of an actuator for actuating a head to a position on a disk 
to read data on or reproduce data from the disk, the apparatus including: an e|ror detector that 
detects a position error between a reference head position and an actual posjtion of the ]aead 
on the disk; a first compensation controller that receives the position error from the error 
detector and changes the actual position of the head in order to compensate for line position 
error a second compensation controller that generates and outputs a tontrol vftlu^ to 
componsate for eccentricity which varies depending on the phase of a spindl : that rptates the 
disk; and a gain/phase adjuster that adjusts the gain and phase of the control v^ue wl^ut 
from the second compensation contioUer according to a disk reproduction^eed, wherein a 
drive signal of the actuator is obtained by summing together signals output from the first 
eompensation controller and the gain/phase adjuster. The eccentricity compensation apparatus 
can simply compensate for eccentricity at varying reproduction speeds by Adjusting control 
data estimaied for eccentricity compensation at specific reproduction spe^ based on the 
froquency response characteristios of an actuator. 

[Rcprcseniaiive Drawing] 
FIG 2 
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SPECIFICATION 



[Title or the Invention] 

Eccentricity Compensation Apparatus Based on Frequency Response 
Characteristics of Actuator of Disk Drive Servo System 

[Bfief Description of the Drawings] 

FIG 1 is a block diagram of a conventiouaJ disk drive servo system for compensating 

for eccentricity; . 

FIG 2 is a blopk diagram of an eccentricity compensatioji apparatas nsing me 
frequency response characteristics of an actuator of a disk drive servo system according to the 
present invention; and 

FTGS. 3{a) and 3(b) are gr^bs showing examples of the frequency rcspgnse 

characteristics of an actuator. 

[Detailed Description of the Invention] 
[Object of the Invention] 

[Technical Field of the Invention and Related Art prior to the Invention] 

The present invention relates to eccentricity compensation in a disk drive servo 
system, and more particularly, to an eccentricity compensation apparatus of a disk drive servo 
system' which can bo effectively adapted to a variation in reproduction speed of a disk by 
adjusting the gain and phase of control data estimated at a specific reproduction speed and 
stored in a fe^foi-ward look-up table, based on the frequency response characteristics of an 

{loiuator. ^ , . J5 • ji 

EcceiTtricity occurs when the center of a disk track deviates front the axis of a spmdle 
about which a disk rotates. The eccentricity acts as periodic disturbance on a disk drive 
system, thereby significantly degrading track following performance thereof. In particwlar. 
as speed at which a disk reproduction speed increases, eccentricity increasingly degrades the 
control performance of a disk drive system. Thus, in order to accurately trace a track at high 
reproduction speed, eccentricity needs to be effectively compensated for. A number of 
techniques have been developed to compensate for eccentricity. 

FIG 1 shows an example of a conventional disk drive servp system for compensating 
for eccentricity. Referring to HG 1, the conventional disk drive servo system includes an 
optical system 100, a feedback controUer 110, a feedforward look-up table 1 20, and an 
actuator 130. The optical system 100 detects an error e(t) between the actual positiop of a 
head on a disk and a reference head position d(t), which corresponds to a displacement of the 
acmator 130, and outputs the error e(t) detected. The feedback controller UO performs 
'pompensation control according to the error e(t) to output an aotiiator driye control value 
Um(t). The feedforward look-up table 120 outputs an acttiator drive control value UfKO 
Which is estimated and stored according to the phase of a spindle in order to. compensate for 
eoconirieity. The actuator 130 is moved to a position on the disk by a control vain? U(t) 
which is obtained by the actuator derive control values Utb(t) and UfKt), output from the 
feedback controller 110 and tiie feedforward look-up table 120, respectively. 

The conventional disk drive servo system conr»pen§ates for ecqentriclty by 
storing a compengation value for eccentricity compensation In the feeqjfonwgrcl Ipok- 
Mp talile 120 and outputting the result of summation of the compensation value and 
the control value output from the feedback controller 1 10 ae the actuator drive 
control valge. Eccentricity varies depending on the phase of a spindle. 

Eccentricity present in llie disk drive servo system ha« constant magnitude and 
varying frequency as disk reproduction speed changes. The impact of eocehtncity npP4 tiie 
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sysioro due to changes in disk reproduction speed varies dependitig on the frequency response 
characteristics of the actuator 130. Thus, in order to effectively coinpensate fqr ecceiitricity, 
data of the feedforward look-up teble 120 needs to be updated each time the disk 
reproduction speed changes. Since ^eatricity becomes significantly larger at high 
reproduction speeds, the feedback controller 11 0 cannot appropriately perform a tracking 
control. In this case, data of the feedfbrward look-up table 120 cannot be updated, thereby 
making eccentricity compensation of the actuator 130 impossible. 

[Technical Goal of the Invention] 

To solve the above problems, it is an objective of the present invention to provide an 
^entricity compensation apparatus of a disk drive servo system which can be effeptively 
ftilapted to a variation in reproduction speed of a disk by adjusting the gain an^ phase of 
control data estimated at a specific reproduction speed and stored ia a feedforward look-up 
table based on the frequency response characteristics of an actuator. 

[Structure and Operation of the Invention] 

Accordingly, tp achieve tfie above objective, the present invention provides an 
eccentricity compensation apparatus of a disk drive servo system using the frequency 
response characteristics of an acttiator for actuating a head to a position on a disk to refid data 
hn or reproduce data from the disk, the apparatus comprising: an error detector that detects a 
jsositiop error between a reference head position and an actual position of the bead on the 
disk; a fim compensation controller that receives the position error from the error detector 
and changes the actual position of the head in order to compensate for the position error; a 
second compensation controller that generates and outputs a control value to compensate for 
eccentricity which varies depending on the phase of a spindle that rotates tlie disk; and a 
gain/phase adjuster that adjusts the gain and phase of the control value output from tlie 
second compensation controller according to a disk reproduction speed, wherein a drive 
signal of the actuator is obtained by summmg together signals output fropa the first 
compensation controller and the gain/phase adjuster. 

It is preferable that the second compensation controller is a feedforward lopk-up table 
that gtorep control data estimated at a predetermined reproduction speed and to be used for 
eccentricity compensation through gain and phase adjustment. 

■ft is preferable that the gain/phase adjuster adjusts the gain and phase of the control 
value output from the second compensation controller according to a reprofluction speed 
based on the frequency response characteristics of the acmator. 

■; Referring to FIG 2, an eccentricity compensation apparatus using the frequency 
Response characteristics of an actuator in a disk drive servo system according to the pr^spnt 
Invention includes an actuator 200. an error detector 210, a first compensation co«troU?r 220, 
a second compensation controller 230, and a gain/phase adjuster 240. 

The actuator 200 determines the position of a head (a pickup head and the like) for 
recording data onto a disk or reproducing recorded data. Since tlae impact of eccentricity 
upon the system varies depending on disk reproduction speed, an appropriate compensation 
(>pntcol for m error due to this eccentricity is needed in driving the actuator 200 to accurately 
follow a track. The error detector 210 detects an error e(t) (position error) between a 
reference head position d(t) and an actual position of the head on a disk. The first 
compensation controller 220 receives die position error e(t) from the error detector 210 and 
generates and outputs an actuator control value Ufl,(t) to compensate for the position pxror e(t) 
by changing the actual position of the head. The actuator control valvie Ufb(t) otttpnt from 
the first compensation controller 220 is obtained by various possible ponh-ol algorithms. 
Jhc first compensation controller 220 serves as a feedback controller tiiat receives a reference 
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signal and rccdves an actual signal of the actuator 200, which corresponds to the j^otu^l 
position of the head» and perfoims a compensation control usiug the received signals. The 
$ocond compensation controller 230 receives and stores control vaJues for one period to 
compensate for an error of the actuator 200 caused by periodic disturbances such as 
eccentricity of the disk at a specific reproduction speed. Here, the control values refer to 
estimated values of the phase and gain characteristics of the actuator 200 at the specific 
reproduction speed to be used for eccentricity compensation at varying reproduction speeds. 
The second compensation conttoller 230 serves as a feedforward look-up table for pre-storing 
estimated compensation values determined from simulations, tests, or experience by 
estimating the gain and phase characteristics of the actuator 200 upon eccentricity at a 
specific reproduction speed, before or upon a compensation control is performed. Tlie 
gain/phase adjuster 240 adjusts the phase and gain of an output signal from the second 
compensation controller 230 according to varying reproduction speeds based 
frequency response characteristics of the actuator 200 and outputs an adjusted value Up((t). 
The actuator 200 maintains a constant phase and gain for actuating even if the reproduction 
fjpeed changes so long as the reproduction speed is less than a predetermined value, 
However, when the reproduction speed is a predetermined value or greater, the gain decreases 
bd phase lag increases. That is, the control characteristics of the acuiator 200 significantly 
change at a reproduction speed greater than the predetermined value. The gain/phase 
adjuster 240 calculates the adjusted value Uff(t) by changing the gain and phase of the output 
value of the second compensation controller 230 based on the frequency response 
characteristics of the actuator 200 which are dependent on reproduction speed variations. 
The actuator 200 is driven according to a drive signal obtained by summation of the actuator 
control value Urb(t) output from the first compensation controller 220 and the adjusted value 
UiT(t) output from the gain/phase adjuster 240. 

Tn FTCi 3, (a) and (b) are graphical representations showing an example of frequency 
response characteristics of the acmator 200. Graphs (a) and (b) of FIG 3 show changes in 
gftjn and phase witli respect to frequency. Even when disk reproduction speed changes, 
identifying the frequency response characteristics of the acmator 200 enables the gepond 
pompensation controller 230 to calculate the adjusted value UfKt) from the estimated 
compeiwation values stored therein even if they heve been estimated at a low speed 
reproduction, for eocenfricity compensation at varying reproduction speeds, 

The operation of the eccentricity compensation apparatus of FIG. 2 will now be 

described. ^ • ^ , j 

Compensating for eccentricity using a feedforward look-up table obtained based on 
the phase of a spindle is implemented in various ways. One approach is disclosed in Korean 
Patent Application No. 2000-0049866 (filed August 26, 2000) which describes eccentricity 
compensation using learning control techniques. At a specific reproduction speed at which 
% feedback conu-oller corresponding to the first compensation connroller 220 of FIG 2 
operates smoothly, control data in the feedforward look-up table for eccentricity 
compensation can bo estimated in various ways using a tracking error signal. If control data 
of the feedforward look-up table for eccentricity compensation are accurately estimated, the 
magnitude of a tracking error is zero, and the feedforward look-up table can be obtained 
using Equation (1): 

Here, UfKs). D(s). and G(s). which are the Laplace transforms for Uff(t), cj(t). 
and g(t). denote the control dats of the feedforward look-up table and eccentricity, 
respectively. Th© eccsentrlclty D(8) has constant magnitude and phase, while gnly 
the frequency varies as disk reproduction speed changes. The transfer function 
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Gis) of the actuator 200 expresses the frequency response characteristics of the 
actuator 200 in which the gain Is decreased and the phase is lagged with increased 
frequency as shown in FIG. 3. If the data Uff(s) of the feedfonward look-up table 
estimated at a specific disk reproduction speed using Equation (1) are applied to 
reproduction at a different speed (usually a higher reproduction speed) for the 
reason that the gain and phase of the actuator upon eccentricity are the same at any 
reproduction speed, compensation for eccentricity at the higher reproduction speed 
s Incorrect'. This Is because actual gain reduction and phase lag caused by the 
frequency response characteristics of the actuator 200 at that reproduction speed 
ar^ not reflected. Thus, the control data of the feedforward look-up table estimated 
at a specific reproduction speed cannot be applied in the same manner if there is a 
large change in reproduction speed. However, according to the present Indention, 
the gain/phase adjuster 240 can compensate for gain reduction and phase la^ in 
frequency response characteristics G(s) of the actuator caused by reproduction 
spead changes based on control data in a feedforward look-up table estimated at a 
specific reproduction speed, without updating the control data in the feedforward 
look-up table each time reproduction speed changes. That is, It is possible to usa 
control data in the feedfonward look-up table estimated at a low reproduction spead 
for a high-speed reproduction. In this case, the gain/phase adjuster 24Q 
bompensates for gain reduction and phase lag due to frequency changes at varying 
reproduction speeds, that is. frequency response charactenstics, of the actuator zoo. 

[ EfTect of tlie Invenlion] 

The eccentricity compensation apparatus according to the present invention 
can simply compensate for eccentricity at varying reproduction speeds by adjusting 
control data estimated for eccentricity compensation at specific reproduction speed 
^ased on the frequency response characteristics of an actuator. 
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What is claimed is: , , . 

I ATI eccentricity compensation apparatus of a disk dnve servo system usjng 
ihe frequency response charaoteristics of an actuator for actufttixjg a head to a position on a 
ij isk to read data on or reproduce data ftom the disk, the apparatus comprisiiig: 

an error detector that detects a position eaor between ft reference head position and 
an actual position ofthe head on the disk; j* ♦ 

a first compensation controUer that receives the position error from tlie error detector 
and changes the actual position ofthe bead in order to compensate for the position eiror; 

a second compensation controller that generates and outputs a control valwi to 
compensate for eccentricity which varies depending on the phase of a spindle that rotates th« 

' a gain/phase adjuster that adjusts the gain and ph^e of the controj value output from 
the second compensation controller according to a disk reproduction speed, 

wherein a drive signal ofthe actuator is obtained by summing together signals output 
fpm the first compensation controller and the gain/phase adjuster. 

■> The apparatus of claim 1; wherein the second compensation controller is a 
feedforward look-up table that stores gain/phase compensation values of the wpmot, 
csiimfttad at a predetermined reproduction speed. 

3. The «q>paratu8 of claim 1, wherein the gain/phase adjuster compensates the 
control value output from the second compensation controller based on the frequency 
response characteristics ofthe actuator. 
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